The mosquitocidal toxin (MTX) from Bacillus sphaericus SSII-1 is a ~97 kDa protein sharing sequence homology within the N-terminus with the catalytic domains of various bacterial ADP-ribosyltransferases. Here we studied the proteolytic activation of the ADPribosyltransferase activity of MTX. Chymotrypsin treatment of the 97 kDa MTX holotoxin (MTX ) results in a 70 kDa putative binding component ) and a 27 kDa enzyme component 
SUMMARY
The mosquitocidal toxin (MTX) from Bacillus sphaericus SSII-1 is a ~97 kDa protein sharing sequence homology within the N-terminus with the catalytic domains of various bacterial ADP-ribosyltransferases. Here we studied the proteolytic activation of the ADPribosyltransferase activity of MTX. Chymotrypsin treatment of the 97 kDa MTX holotoxin (MTX ) results in a 70 kDa putative binding component (MTX ) and a 27 kDa INTRODUCTION ADP-ribosylation of eukaryotic target proteins is a major biochemical mechanism that is exploited by bacterial toxins to affect the eukaryotic host cells (1) . Among these toxins are diphtheria toxin and Pseudomonas exotoxin A which ADP-ribosylate the eukaryotic elongation factor 2 at diphthamide, a modified histidine residue, to block protein synthesis (2) . Cholera toxin and pertussis toxin are known to ADP-ribosylate G-proteins at specific arginine and cysteine residues, respectively, to modify signal transduction by G-proteincoupled receptors (3, 4) . Members of the subfamily of binary ADP-ribosylating toxins such as
Clostridium botulinum C2 toxin and Clostridium perfringens iota toxin specifically modify Gactin at Arg177 (5) . Moreover, several bacterial exoenzymes ADP-ribosylate small GTPbinding proteins of targets cells. Examples are Clostridium botulinum C3 exoenzyme and related C3-like transferases which ADP-ribosylate Rho GTPases at Asn41 (6) (7) (8) and
Pseudomonas aeruginosa exotoxin S which modifies Ras proteins at several arginine residues (9) .
Another member of the family of ADP-ribosylating toxins is the mosquitocidal toxin (MTX 1 ), which is produced by the low-toxicity strain SSII-1 of Bacillus sphaericus. The toxin is lethal to Culex quinquefasciatus and Aedes aegypti mosquito larvae (10) . The mature MTX (without the putative signal sequence of 29 amino acid residues) is a 97 kDa protein ).
MTX 30-870 is processed into a 27 kDa N-terminal fragment and a 70 kDa C-terminal fragment by crude mosquito larval gut extracts and trypsin (11) . The cleavage site is reportedly amino acid 264 (phenylalanine) for the mosquito larval gut extracts and amino acid 262 (lysine) for trypsin as determined by N-terminal sequencing. This 97 kDa fragment, previously designated as MTX21, was renamed MTX 30-870 in accordance to the nomenclature of our MTX truncations. MTX 30-870 retains its lethal effects upon Culex quinquefasciatus larvae regardless whether being unprocessed or proteolytically cleaved. N-terminal or C-terminal truncations of the toxin alone, however, lacked any toxicity towards mosquito larvae (12) .
Sequence alignments revealed homologies in the N-terminus of MTX with the catalytic domains of various bacterial ADP-ribosyltransferases, such as pertussis toxin, cholera toxin, or the E. coli heat-labile enterotoxins (LT1 and LT2) (10) . Recent crystal structure analysis of bacterial ADP-ribosylating toxins, including diphtheria toxin, E. coli heat labile toxin, pertussis toxin and the vegetative insecticidal proteins from Bacillus cereus revealed a highly conserved structure of the NAD binding and catalytic domains of the toxins (13) . A common feature of the catalytic domain is a "catalytic" glutamic acid residue essential for transferase activity (14) (15) (16) , and often an additional glutamic acid residue located two residues upstream of the first one. This second glutamic acid residue is also essential for ADP-ribosylating activity (16) (17) (18) , but has been reported not to be involved in NAD glycohydrolase activity (19, 20) .
The putative catalytic domain of MTX possesses two glutamic acid residues at positions 195 and 197, as well as an arginine residue at position 97 and a serine and a threonine residue at positions 142 and 143, respectively, which appear to represent the consensus residues commonly found among bacterial ADP-ribosyltransferases (see Fig. 1 ). Therefore, MTX is considered to be a member of the family of ADP-ribosylating toxins (1, 12, 16 Cleavage of MTX Constructs with Chymotrypsin -100 µg of MTX construct was incubated with 0.5 µg chymotrypsin in a total volume of 250 µl for 60 min at room temperature.
Chymotrypsin was inactivated with 2 µg of aprotinin. To check whether full cleavage was achieved, the proteins were subjected to SDS-PAGE. antisense, 5´-GTCGACCTTCTTATTTTTGATTTGATATTCTG-3´. MTX 30-264 antisense, 5´-GTCGACAAAACCTTTAGAATCCATATTATTTC-3´. The amplified DNA fragments were digested and inserted into the digested pEGP-C1 vector. The Glu195Gln mutation and the Glu197Gln mutation, respectively, were introduced using the QuikChange Kit (Stratagene, Amsterdam, Netherlands) using the primers described for the pGEX-MTX 30-308 mutants.
Construction of Plasmids Encoding EGFP-MTX Fusion Proteins
Plasmid DNAs were propagated in E. coli and purified for following transfection studies.
Transfection Studies -For transfection studies, HeLa cells were cultured for 24 h in Dulbeccos`s modified Eagle`s medium supplemented with 10% fetal calf serum (PAN Systems, Aidenbach, Germany), 4 mM glutamine/penicillin/streptomycin in 30 mm dishes at 37 °C and 5% CO 2 for 24 h. HeLa cells were then transfected with a 5:1 ratio of the respective plasmids encoding for the MTX constructs and the pEGFP-C1 vector or the pEGFP-C1 vector alone, using the Polyfect transfection kit (Qiagen, Hilden, Germany) according to the manufacturers´ manual. For actin cytoskeleton staining cells were fixed and permeabilized with 4% formaldehyde plus 1% Triton X-100 in PBS for 10 min at room temperature and then incubated with 1 µg/ml TRITC-phalloidin (60 min in the dark at room temperature). Cells were examined by fluorescence microscopy after 24 h of incubation and pictures were obtained with a Zeiss microscope supplied with a digital camera. (Fig. 5B) .
RESULTS

Expression of the MTX Truncations and their Chymotryptic Cleavage Patterns-
Moreover, MTX 265-870 also inhibited NAD glycohydrolase activity of MTX 30-264 (not shown).
Characterization of the Catalytic Domain of MTX-By sequence alignments with other ADP-
ribosyltransferases, amino acids 195 and 197 (both glutamic acid residues) of MTX are proposed to be important for catalysis (1, 16 ) (see Fig. 1 ). The respective MTX 30-308 E195Q
and MTX 30-308 E197Q mutant proteins were expressed in E. coli and purified as described. The mutants were treated with chymotrypsin and degradation was followed by SDS-PAGE (Fig.   6A ). We did not observe any differences in the sensitivity of wild-type and mutant MTX proteins towards proteolytic cleavage, suggesting no major folding changes of the mutant proteins. Mutant MTX proteins were tested for ADP-ribosylation activity, but none was active, indicating that both glutamate residues, Glu195 and Glu197, were essential for transferase activity (Fig. 6B) . It is reported that only the C-terminal glutamate of the EXE motif in the catalytic domain is essential for NAD glycohydrolase activity in "biglutamic"
ADP-ribosyltransferases (19, 20) . To study whether this is also true for MTX, NAD glycohydrolase assays with the MTX 30-308 mutants (cleaved/uncleaved) were performed. The E197Q mutant was not capable of hydrolyzing NAD regardless of proteolytic treatment. By contrast, the E195Q mutant hydrolyzed NAD, but only after proteolytic cleavage. The NAD glycohydrolase activity was similar to that of activated MTX 30-308 (Fig. 6C ). with TRITC-phalloidin proved that the protrusions contain actin (Fig. 8) (Fig. 7) . Fig. 9 (12) . Thus, the two toxin fragments stick to each other after proteolytic cleavage due to strong non-covalent interactions. Disulfide bonds can be ruled out, because MTX 30-870 contains no cysteine residues.
Cytotoxic properties of activated MTX
To study the consequences of the interaction, we determined the enzyme activity of MTX at increasing concentrations of MTX . These studies revealed that the interaction of both fragments effectively blocked ADP-ribosylation as well as NAD glycohydrolase activity. The construction of enzymatically inactive MTX mutants was helpful to study the role of ADP-ribosyltransferase activity in the biological action of MTX. So far only a lethal effect of the MTX holotoxin on certain mosquito larvae and a cytotoxic effect on insect cell cultures were reported (10) (11) (12) . However, the cytotoxic effects (aggregation of cultured insect cells)
reported were observed even with a C-terminal fragment of MTX lacking the enzyme domain.
Here we report for the first time on a cytotoxic effect related to the enzyme activity of MTX. Thereafter, the beads were washed as described in the Method section and loaded on SDS-PAGE. Note, for unknown reasons the MTX 30-264 protein migrated slightly slower after precipitation. 
